The theory unifying spin and charges and predicting families, proposed by N.S.M.B., predicts at the low energy regime two (in the mixing matrix elements decoupled) groups of four families. There are two kinds of contributions to mass matrices in this theory. One kind distinguishes on the tree level only among the members of one family, that is among the u-quark, d-quark, neutrino and electron, the left and right handed, while the other kind distinguishes only among the families. Mass matrices for d-quarks and electrons are on the tree level correspondingly strongly correlated and so are mass matrices for u-quarks and neutrinos, up to the term, the Majorana term, which is nonzero only for right handed neutrinos.
I. INTRODUCTION
The theory unifying spin and charges and predicting families (hereafter named the spin-chargefamily-theory [1] [2] [3] ), proposed by N.S. Mankoč Borštnik, seems promising to show the right way beyond the standard model of fermions and bosons. The reader is kindly asked to learn more about this theory in the refs. [1] [2] [3] and in the references therein. Following analyses of the ref. [3] , we here repeat the parts which are necessary for understanding the starting assumptions and the conclusions to which one loop corrections beyond the tree level lead. We look at the two loop corrections and present for the case that each group of four families would decouple into two times two families numerical results with two loop corrections as well. Some of this results can be found in [4] .
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The spin-charge-family-theory predicts eight massless families of quarks and leptons before the two successive breaks -first from SU (2) I ×SU (2) II ×U (1) II ×SU (3) to SU (2) I ×U (1) I ×SU (3) and then from SU (2) I × U (1) I × SU (3) to U (1) × SU (3). Mass matrices originate in a simple starting action: They are determined on the tree level by nonzero vacuum expectation values of scalar (with respect to SO(1, 3)) fields, to which vielbeins and two kinds of spin connection fields contribute.
One kind of the spin connection fields includes fields gauging S ab , which are determined by the Dirac gammas (γ a 's), another kind gaugesS ab , determined by the second kind of gammasγ a 's, used in the spin-charge-family-theory [1] [2] [3] to generate families. Each of the two breaks is triggered by different (orthogonal) superposition of scalar fields. To the first break, besides vielbeins, only the spin connections of one kind contribute. To the second break all the scalar fields contribute.
The mass matrices for eight families appear to be four times four by diagonal matrices, with no mixing matrix elements among the upper four and the lower four families (not in comparison with the life of the universe) also after the two breaks: The upper four families are namely doublets with respect to two SU (2) invariant subgroups (with respect to SU (2) II , with generators of the infinitesimal transformations τ 2 , and the one of the two SU (2) subgroups of SO(1, 3), the subgroup SU (2) R with the generators of the infinitesimal transformations Ñ R ) of the group defined byS ab , and singlets with respect two the other two invariant subgroups (SU (2) I , with the generators τ 1 , and the SU (2) L , with the generators Ñ L ). The lower four families are doublets with respect to the two subgroups, the singlets of which are the upper four families.
There are, correspondingly, two stable families: the fifth and the observed first family. The fifth family members are candidates to form the dark matter, the fourth family waits to be observed.
After the first of the two successive breaks (the break from SO(1, 3) × SU (2) II × SU (2) I × U (1) II × SU (3) in both sectors, S ab andS ab , to SO(1, 3) × SU (2) I × U (1) I × SU (3)), which occurs, below ≈ 10 13 GeV, the upper four families become massive. In the second break, which is the standard model-like electroweak break, also the lower four families became massive. The second break influences also the mass matrices of the upper four families, although the influence is expected to be small.
Rough estimations made so far [2, 5, 6 ] on the tree level, which took into account besides the elementary particle data also the cosmological data, show that the stable of the upper four families might have masses [6] of the order of 100 TeV/c 2 . (The ref. [10] discusses also a possibility that the masses are much smaller, of around a few TeV/c 2 .) For the lower four families [2, 5] we were not really able to predict the masses of the fourth family members, we only estimated for chosen masses of the fourth family members their mixing matrices.
In this paper we are studying, following suggestions from the ref. [3] , properties of the mass matrices of twice four families, evaluating loops corrections to the tree level. We namely hope to see already within the one and may be two loops corrections the explanation for the differences in masses and mixing matrices between quarks and leptons, as well as within quarks and within leptons. To the loop corrections the gauge boson fields and both kinds of the scalar field contribute, as explained in the ref. [3] .
II. SHORT REVIEW OF THE SPIN-CHARGE-FAMILY-THEORY
Let us here make a short review of the spin-charge-family-theory. The simple starting action for spinors (and gauge fields in d = (1 + 13), ref. [3] , Eqs. (3, 4) ) manifests at the low energy regime after several breaks of symmetries as the effective action (see the ref. [3] , Eq. (5) 
where n = 0, 1, 2, 3 and
All the charge (τ Ai , Eq. (2)) and the spin (S nn ; n, n ∈ {0, 1, 2, 3}) operators are expressible with S ab . S ab are generators of spin degrees of freedom in d = (1 + 13), determining all the internal degree of freedom of one family members. Index A enumerates all possible spinor charges and g A is the coupling constant to a particular gauge vector field A Ai n , as well as to a scalar field A Ai s , s > 3. Before the break from SO(1, 3) × SU (2) I × SU (2) II × U (1) II × SU (3) to SO(1, 3) × SU (2) I × U (1) I × SU (3) τ 3 describes the colour charge (SU (3)) [13] , τ 1 the weak charge (SU (2) I ) [14] , τ 2 the second SU (2) II charge [15] , and τ 4 determines the U (1) II charge [16] . After the break of SU (2) II × U (1) II to U (1) I A = 2 denotes the U (1) I hyper charge Y (= τ 4 + τ 23 ) and after the second break of SU (2) I × U (1) I to U (1) A = 2 denotes the electromagnetic charge Q (= S 56 + τ 4 ), while instead of the weak charge Q (= τ 13 − τ 4 tan 2 θ 1 ) and τ 1± of the standard model manifest.
The term in the second row of Eq. (1) determines mass matrices of twice four families 
The main argument to take s = 7, 8, is (so far) the required agreement with the experimental data.
The Dirac spin, described by γ a 's, defines the spinor representations in d = (1 + 13). The second kind of the spin [3, 7, 8] , described byγ a 's ({γ a ,γ b } + = 2 η ab ) and anticommuting with the Dirac γ a ({γ a ,γ b } + = 0), defines the families of spinors. One finds [3] {γ a , γ b } + = 2η ab = {γ a ,γ b } + , {γ a ,γ b } + = 0,
The eight massless families (2 (1+7)/2−1 ) manifest after the break of SO(1, 7) to SO(1, 3)×SO(4) (the break occurs in both sectors, S ab andS ab ) as twice four families: Four of the families are doublets with respect to two of the four SU (2) invariant subgroups of the groups SO(4) × SO(1, 3) in thẽ S ab sector (namely, with respect to the subgroups with the infinitesimal generators τ 2 and Ñ R ) and singlets with respect to the remaining two SU (2) invariant subgroups (with the infinitesimal generators τ 1 and Ñ RL ), while the remaining four families are singlets with respect to the first two and doublets with respect to the remaining two invariant subgroups. At the symmetry level of SO(1, 3) × SU (2) I × SU (2) II × U (1) II × SU (3) twice four families are massless, the mass matrices M of any family member is equal to zero. (2) , τ (1) , Ñ R and Ñ L distinguish among the families, but not among the family members, distinguish Q, Q and Y among the family members independent of the family index.
After the break of
effective Lagrange density for spinors is as follows
In the second row the vector gauge fields which remain massless ( 
.
The new and the old scalar fields are related as:
, while it follows Ã 2 s = 2(ω 58s ,ω 57s ,ω 56s ). We shall make a choice in this paper ofθ 2 = 0. We also have ÃÑR s = 2(ω 23s ,ω 31s ,ω 12s ) , and Ñ R = 
The reader is kindly asked to look at the ref. [3] for more explanations.
We present in Table I (from Table VIII . of the ref. [3] ) a general shape of mass matrices of all the eight families on the tree level after the break of SO(2) II × U (1) II into U (1) I . The lower four families stay massless. The u-quark mass matrices (they are determined by ÃÃ − = ÃÃ 7 + i ÃÃ 8 , forÃ = 2, 1,Ñ R ,Ñ L ) are different than the d-quark ones (they are determined by ÃÃ
) and e mass matrices differ from the ν ones, while mass matrices for quarks and leptons are identical (ref. [3] , they are the same for u-quarks and neutrinos, and for d quarks and 
TABLE I: The mass matrices on the tree level (M (o) ) for two groups (Σ = II for the upper four, while Σ = I for the lower four) families of quarks and leptons after the break of
The contribution comes from a particular superposition of spin connection fields, the gauge fields ofS ab . (∓) distinguishes u i from d i and ν i from e i .
electrons. The contribution of the scalar fields causing the Majorana right handed neutrinos (see appendix A) is not added in this table. The contributions below the tree level change the matrix elements and remove the degeneracy between the u-quarks and neutrinos as well as between the d-quarks and electrons. It is expected that they will not appreciably change the symmetry of the matrix elements on the tree level. We shall discuss this in the next section.
To the electroweak break, when SU (2) I × U (1) I breaks into U (1), besides the scalar fields originating in vielbeins and in superposition of spin connection fields ofS ab (the ones, which are orthogonal to the ones causing the first break), also the scalar fields originating in spin connections of S ab contribute: A 
The effective Lagrange density for spinors is after the electroweak break as follows
The reader is kindly asked to learn how does the operators ( The notationãÃ i ± = −gÃÃÃ i ± is used. There is a mass term within the spin-charge-family-theory, which transform the right handed neutrino to his charged conjugated one, contributing to the (right handed) neutrino Majorana masses. The Majorana terms are expected to be large and might influence strongly the neutrino masses and their mixing matrices. The reader can find more explanation about this term in ref. [3] and in appendix A. Let us add here, that it is nonzero only for the lower four families. It needs to be studied in more details to say more. These terms are not yet included into Table II. We present in Table III In Table IV we present quantum numbers of all members of a family, any one, after the electroweak break. When going below the tree level all the massive gauge fields and those scalar fields of both origins, (S ab andS ab ), to which the family members couple, start to contribute. To the lower four families mass matrices the scalar fields, which are superposition of the ω sts field, that is of 
are expected to be large for the lower four families, while they influence, since the scale of these two breaks are supposed to be very different, only slightly the upper four family mass matrices.
According to the estimations presented in refs. ( [3, 6] ) the changes are within a percent or much less if the masses are large enough (of the order of hundred TeV/c 2 or larger).
We study in this paper properties of both groups of four families, taking the vacuum expectation values of the scalar fields as an input. As we already explained, in the spin-charge-family-theory the mass matrices of the family members are within each of the two groups very much correlated. It is the prediction of this theory [3] that there are terms beyond the tree level, which are responsible for the great differences in properties of the family members for the observed three families. It is a hope [3] that the mass matrices can be expressed as follows
where Q, Q and Y are the operators while the matrices M Q Y kk do not, hopefully, depend on the family member, that is that they might be the same for all the members of one family. To neutrino an additional mass matrix might be added, which is zero for all the other family members if the Majorana contribution is taken into account.
While for the lower four families the contributions which depend on Q, Q (and Y ) quantum numbers of each of a family member are expected to be large, this should not be the case for the upper four families (in comparison with the contributions on the tree level).
In the next section we present the loop contributions to the three level mass matrices. The contributions originate in two kinds of scalar fields, namely inω abs and in ω stt , and in the massive gauge fields and affect both groups of four families. First we analyse the effect of one and two loops corrections for the case, that each of four families would decouple into twice 2 × 2 mass matrices, under the assumption that the lower two families of each group of four families weakly couple to the upper two families of the same group. This assumption seems meaningful from the point of view of mass matrices on the tree level, presented on tables I, II, as well as from the experimental data for the lower three families. The measured values of the mixing matrices for the observed families supports such an assumption for quarks, but not for leptons. We neglect accordingly for this first step the nonzero mass matrix elements between the lower and the upper two families for each group. We then proceed to take into account one loop corrections for all four families of each of the two groups.
III. MASS MATRICES BEYOND THE TREE LEVEL
It is the purpose of this section (and also of this paper) to manifest that, although in the spincharge-family-theory the matrix elements of different family members are within each of the two groups of four families on the tree level very much correlated, the loop corrections lead to mass matrices, which manifest great differences in properties of the lowest three families.
We show that the one loop corrections originating in the massive gauge fields change masses of families, while they leave mixing matrices unchanged. One loop corrections originating in dynamical scalar fields change both, masses and mixing matrices.
Let us repeat the assumptions [3] : i. In the break from SU (2) Let us clarify the notation. We have before the two breaks two times (Σ ∈ {II, I}, II denoting the upper four and I the lower four families) four massless vectors ψ α Σ(L,R) for each member of a family α =∈ {u, d, ν, e}. Let i, i ∈ {1, 2, 3, 4} , denotes one of the four family members of each of the two groups of massless families
Hence, we have for the lowest four families (Σ = I) and the u family member (α = u)
u 4 to be recognized as the new, that is the fourth family member. We then have
Let Ψ α Σ(L,R) be the final massive four vectors for each of the two groups of families, with all loop corrections included
Then Ψ
Σ (L,R) includes one loop corrections and Ψ
From the starting action the mass matrices on the tree level follow as presented in Tables (I,   II) . Not being able (yet) to calculate these matrix elements, we take them as parameters. Not (yet) paying attention to the CP non conservation, we assume in this paper that mass matrices are real and symmetric.
We calculate in this paper one and for a simplified version of two decoupled 2 × 2 families of a four family group two loops corrections to the tree level mass matrices.
The mass matrices, originating in the vacuum expectation values of the scalar fields which are superposition ofω abd fields (appearing asgÑ
1±Ã1± s , the reader can find the application of these operators on family members in appendix D), are in this paper assumed to be real and symmetric. On the tree level they manifest as the two by diagonal 4 × 4 matrices with the symmetry on the tree level presented bellow
with the matrix elements
± and e ≡ e Σ ± , which are different for the upper (Σ = II) than for the lower (Σ = I) four families
The matrix elements for the upper four families (Σ = II) are:
± . For the lower four families (Σ = I ) we must takeã 3
The parameters entering into the tree level mass matrices are presented. The notationãÃ
the matrix elements for the pair (d and e) (+) and the pair (u and ν) (−).ψM ψ in Eq. (1) can, namely, be expressed as
The reader is kindly asked to learn how do the operators ( 78 (∓), any superposition of the operators S ab , or any superposition of the operatorsS ab ) apply on any family member of any family in the ref. [3] and in the appendix B, where a short presentation of these properties is made.
To the tree level contributions of the scalarω ab± fields, diagonal matrices have to be added, the same for all the eight families and different for each of the family member (u, d, ν, e), a ∓ ≡ a α ∓ , which are the tree level contributions of the scalar ω sts fields
Q, Q and Y stay for the eigenvalues of the operatorsQ,Q andŶ of the right handed α member of any of the families [18]. Therefore, the tree level mass matrices M α Σ (o) are different for the upper (Σ = II) than for the lower (Σ = I) four families and they are also different for the pairs of (d, e) and (u, ν), but are the same for u and ν and for d and e before adding a α ∓ I 8×8 , which is different for each family member. The matrices M α are indeed 8 × 8 matrices with two by diagonal On the tree level we have
Since the upper and the lower four family mass matrices appear at two completely different scales, determined by two orthogonal sets of scalar fields, have the two tree level mass matrices M α Σ (o) very little in common, only the symmetries and the contributions from Eq. (15).
On the tree level we have ψ α
from where the tree level mass eigenvalues follow
The one loop corrections leads to
include all the one loop corrections evaluated among the massless states, so that
The mass matrix including up to one loop corrections is
Thus the contribution up to one loop is
with V α Σ (1) which is obtained from
with m α Σ (1) i , i ∈ {1, 2, 3, 4} , the mass eigenvalues, which include one loop corrections. Taking into account corrections up to (k) loops, we have
with m α Σ (k) i , i ∈ {1, 2, 3, 4} , the mass eigenvalues of the states, which take into account up to (k) loops corrections.
In what follows we shall use the indices Σ and α only when we explicitly calculate mass matrices for a particular group of families and for a particular member, otherwise we shall assume that both indices are all the time present and we shall skip both. Eq.(18) will, for example, accordingly read
with the indices Σ and α assumed, but not written. Similarly Eq. (10) reads
connecting the massless ψ and the massive Ψ with all the loop corrections included. In our case, since M (o) are in this paper assumed to be real and symmetric, V †
. Loop corrections (with the gauge and dynamical scalar fields contributing coherently) are expected to cause differences in mass matrices among the family members of the lower four families, and will hopefully explain the experimental data for the so far observed three families of quarks and leptons. The differences among the family members of the upper four families are expected to be small even after taking into account loop corrections, since the contributions to the loop corrections, which distinguish among family members, originate in the ω sta dynamical massive fields, the scalar and vector ones, whose masses can only be of the order of the electroweak scale and this is expected to be for orders of magnitude smaller than the scale of the break of symmetry which brings masses to the upper four families. The only exception is τ 2i A 2i
m . The contribution which transforms the right handed neutrino into his charged conjugate one, influences only the lower four families, because, by the assumption, the superposition of theω abs fields couple only to the lower four families [3] . A short explanation is presented in appendix A.
In appendix B the matrix M (o) (Eq. (12)) is diagonalized for a general choice of matrix elements, assuming that the matrix is real and symmetric, with the symmetry on the tree level as presented in Eq. (12) . A possible non hermiticity of the mass matrices on the tree level is neglected. The diagonalizing matrix is presented.
In the ref. [5] the authors, assuming that loop corrections (drastically) change mass matrix elements as they follow on the tree level from the spin-charge-family-theory, keep the symmetries of mass matrices as dictated by the spin-charge-family-theory on the tree level and fit the mass matrix elements for the lower four families to existing experimental data for a particular choice of masses of the fourth family members.
In this paper we make one loop corrections to the tree level mass matrices, demonstrating that loop corrections may contribute to the tree level mass matrices to the experimentally acceptable direction.
We calculate loop corrections originating in two kinds of the scalar dynamical fields, those
1±Ã1± s ) and those originating in ω abs (e Q A s , g 1 cos
In appendix C the corresponding loop corrections are calculated in a general form, which enables to distinguish among members of the scalar fields of both kinds and of the massive gauge fields.
The corresponding loop diagrams are presented in Figures 1,2,3 . 
), Eq.(6). These fields couple the family members as it is presented in Tables (I, II) and demonstrated in the diagram
The term (−γ 0 78 (−)g The rest of comments are the same as in Fig. 1 . Each of states carries also the family member index α, the Σ index determining one of the two four families groups and the index i which distinguishes among the families within each of the two groups of four families. Table IV .
In all the loop corrections the strength of couplings (g (2,1) ,g (Ñ R ,Ñ L ) ), the application of the L) ), as well as the masses of the dynamical fields playing, as usually, an essential role, must be taken into account.
In appendix C the explicit evaluations of all the above discussed loop contributions are derived in a general form, that is as functions of parameters which determine a particular contribution.
The influence of a particular contribution to the mass matrices, and accordingly also to mixing matrices, depends strongly on whether the upper or the lower four families are concerned, on the family members involved and on the family quantum number of states involved in the corrections.
The final mass matrices, manifesting the Lagrange density ψ † γ 0 γ s p 0s ψ with one loop correc-tions to which the scalar dynamical and massive gauge fields contribute, have the shape, presented in Eq. (21), (22), with V α Σ(1) which is obtained from Eq. (22), and which correspondingly determines mixing matrices with the one loop corrections included, for each of the two groups of four families (Σ = II, I) and for each of the family member α ∈ {u, d, ν, e}. The graphic representation of these loop corrections can be seen in Figs. (1, 2, 3) . 
are written in Eq. (C29). To obtain masses and diagonalizing matrices for each family member α of both groups of families Σ the diagonalization (Eq. (22)) must be performed.
IV. GENERAL PROPERTIES OF THE MASS MATRICES
All the expressions, needed for the evaluation of masses and diagonalizing matrices of each family member α = (u , d , ν , e) for either the upper (Σ = II) or the lower (Σ = I) four families, on the tree level or with the loop corrections included, are presented in appendices B and C.
The final mass matrix including one loop corrections is the sum of the three matrices presented in Eqs. (C17), C24, C29 of appendix C. We take the mass matrix elements on the tree level as well as the masses of the scalar and gauge fields as free parameters, fitting them to the existing experimental data.
All the free parameters which determine the mass matrices on the tree level can be read from Eqs. (13, 15) and in Table V. Since the contributions from the scalar fieldsω abs to the tree level mass matrix are the same for u-quark and ν-lepton and the same for d-quark and e-lepton, while they are different for each of these two pairs ( matrix elements of (u , ν) differ from those of (d , e)), there are four free parameters due to these contributions and the additional three parameters which originate in the scalar ω abs fields, all together therefore seven free parameters for each of the two pairs on the tree level. Table VII of appendix C. We use their masses as free parameters as well.
Since there is no experimental data for the upper four families, we can try to learn from the proposed procedure by taking into account evaluations of properties for the fifth family quarks [6] more about the mass differences of the family members of the upper four families.
A. Properties of the lower two families for each of the two groups of four families below the tree level
We study the influence of one loop corrections on the mass matrices and mixing matrices of quarks and leptons for the 2 × 2 case, forã i+ ± =ã i− ± = 0, for i = (2, 1), i = 2 for Σ = II and i = 1 for Σ = I. This assumption seems acceptable as a first step for the lower group of four families, while, since we have almost no knowledge about the upper four families (except rough estimations evaluated when using the spin-charge-family-theory to explain dark matter content of our universe and the direct measurements of the dark matter [6] ), it is questionable for the upper group of four families.
Taking the results from appendix B, Eq. (B10), which is applicable for either the upper or the lower group of four families and for any family member, one recognizes that
, for Σ = (II, I), respectively, and
, for Σ = (II, I), respectively. This is in complete disagreement with the experimental data for u-quarks and neutrinos of the lowest two of the lower group of four families, and not so bad for d-quarks and electrons of the first two families, where it almost works, as it is well known. We namely have [11] MeV. It is therefore on the loop corrections to correct the disagreements.
For the lowest two families there are three matrix elements on the tree level (Eqs. (13,15) ),
, and e (=ãÑ
, which we shall take as free parameters. (The definition of a i , i = 1, 2, is now slightly changed by taking into account contributions of Eqs. (13) and (15)).
B. Properties of the two groups of four families below the tree level
We study the influence of one and two loop corrections on the mass matrices and correspondingly on masses and mixing matrices of quarks and leptons for the lower and the upper group of four families (VI), taking as an input, that is as free parameters, the parameters from Tables V, VII.
The loop corrections due to two kinds of scalar fields and to massive gauge fields are presented in Figs. (1, 2, 3 ).
The tree level mass matrices of each group after the electroweak break is presented in Eq. (B3).
The one loop contributions originating in the scalar fields (gÑ Rˆ Ñ R ÃÑ R ∓ ,g 2ˆ τ 2 Ã 2 ∓ ) must be added to the tree level mass matrices of the upper group of four families only, while those originating in 
V. DISCUSSION AND CONCLUSIONS
We analysed in this paper the properties of twice four families as they follow from the spincharge-family-theory when loop corrections, discussed in the ref. [3] , are taken into account. Having experimental results only for the lowest three of the lower four families, most discussions in this paper concern the lower group of four families.
In the spin-charge-family-theory [3] fermions carry two kinds of spin and correspondingly interact with the two kinds of spin connection fields. One kind of spin determines at low energies, after several breaks of the starting symmetry, the spin and the charges of fermions, the second kind determines families.
After several breaks from SO(1, 13) to SO(1, 7) × U (1) × SU (3) and further to SO(1, 3) × SU (2) I × SU (2) II × U (1) II × SU (3) there are eight massless families [19] , which after the break to SO(1, 3) × SU (2) I × U (1) I × SU (3) manifest as a massive and a massless group of four families. Correspondingly, after this break (SU (2) II × U (1) II to U (1) I ) also vector bosons involved in this break, become massive. This break is (assumed to be) triggered by the superposition of the scalar fieldsS abω abs , which are triplets with respect to the two SU (2) (with the generators of the infinitesimal transformationsˆ Ñ R andˆ τ 2 ).
At the electroweak break (from SO(1,
the lowest four families become massive too, while staying decoupled from the upper four families.
The vector bosons involved in this break, become massive. This break is (assumed to be) triggered by the superposition of the scalar fieldsω abs , which are triplets with respect to the two SU (2) (with the generators of the infinitesimal transformationsˆ Ñ L andˆ τ 1 ) and the superposition of the scalar fields ω s ts , which are singlets with respect to the tree
In this contribution we report the obtained analytical forms of the upper and lower 4x4 mass matrices taking into account all contributions from dynamical scalars and gauge bosons up to one loop corrections. At present we are carrying out a detailed numerical analysis trying to fit within this scenario the known quark and lepton masses and mixing matrices, including the neutrino properties.
Appendix A: Majorana mass terms
There are mass terms within the spin-charge-family-theory, which transform the right handed neutrino to his charged conjugated one, contributing to the right handed neutrino Majorana
[+]
56
(−) 9 10 (−) 11 12 (−)
One easily checks, using the technique with the Clifford objects (see ref. [3] is in the higher order corrections, yet it might be helpful in explaining the properties of neutrinos.
The operator −(τ 1+Ã1+
gives zero, when being applied on the upper four families, since they are singlets with respect toτ 1± .
Appendix B: Diagonalization of 4 × 4 tree level mass matrix
We take mass matrices on the tree level as they follow from the spin-charge-family-theory, Eq. (6). The part determined by theω abs fields is presented in tables (I, II), for the upper four and the lower four families, respectively.
After assuming that real and symmetric matrices are good approximation for both groups of families (this is a good enough approximation for the lower four families, if we neglect the CP nonconserving terms, while for the upper four families we have no information yet about the discrete CP nonconserving symmetry either from studying the spin-charge-family-theory or from the experimental point of view) the mass matrices presented in tables (I, II) and in Eq. (12) are 4 × 4 matrices
with a 1 , a 2 , b and e explained in Eq (14) of sect. III. These matrix elements are different for the upper four families (
± ) and also different for each of the family member (α ∈ {u, d, ν, e}), distinguishing in between the two pairs (d, e) (+) and (u, ν) (−) and in the term a α ± ) , with (15) a ∓ = e Q A ∓ + g 1 cos
where Q, Q and Y stay for the quantum numbers for the right handed members of one (anyone) family (α ∈ {u, d, ν, e}).
We present in Table VI (+) 11 12 [−] (+) 11 12 [−] (+) 11 12 [−] (+) 11 12 [−] (+) 11 12 [−] (+) 11 12 [−] expressed with the Clifford algebra objects [8] . Table is taken from ref. [3] . The quantum numbers, which each of these eight families carries, are presented in Table III . The same quantum family numbers carry any member of a family (α ∈ {u, d, ν, e}), the left or right handed, colourless or of any colour.
While are the diagonal matrix elements, originating in ω abs scalar vacuum expectation values, expected to cause large (and desired) changes in mass matrices for the lower four families, their contribution to the mass matrices of the upper four families is expected to be very small, because of the difference in the strength of the tree level contributions fromω abs sectors in both groups of four families.
The matrix of Eq.(B1) can be diagonalized by the orthogonal matrix
The diagonal contributions a ∓ to mass matrices (Eq.(15)), the same for all the eight families, do not influence the diagonalization. 
Computing the eigenvectors, we obtain the orthogonal matrix V (o)
are mixing angles defined in terms of the parameters and eigenvalues as follows
It is easy to check the orthogonality of (11)
(B6) 
2. 2 × 2 matrices in the limit b = 0 within the 4 × 4 ones
We study here the limit when the off diagonal matrix elements b in Eq. (12,B1) are small in comparison with the other nonzero matrix elements.
We put in what follows b = 0. The mass matrices of Eq. (B1) then simplifies into two by diagonal 2 × 2 matrices. In this limit it follows, after using the relation
Now η i , i = 1, 2 obey relations:
From the above equations it follows that s 3 = 0 = s 4 and
The masses of the first two families in each group of four families are then
in this case of the two by two diagonal matrices
Appendix C: Mass matrices with one loop gauge and scalar corrections included According to Eq. (6) to one loop corrections to the tree level mass matrices M (o) the scalar fields of the two kinds and the massive gauge fields contribute. As discussed in sect. III to the loop corrections contribute:
i.) The scalar fields expressible withω abs contribute after the electroweak break to masses of both groups of four families. The scalar fields (gÑ R Ñ R ÃÑR ∓ ,g 2 τ 2 Ã 2 ∓ ) contribute to masses of the upper four families, while (gÑ L Ñ L ÃÑL ∓ ,g 1 τ 1 Ã 1 ∓ ) contribute to masses of the lower four families. Each group of these scalar fields appear at a different scale. The contributions in both groups of scalar fields distinguish among the pairs (u , ν) and (d , e) due to the term 78 (∓) p 0∓ in Eq.(3), which contributes to (u , ν) for (−) and to (d , e) for (+).
ii.) The scalar fields expressible with ω abs (e Q A ∓ , g 1 cos
. These scalar fields, which gain masses during the electroweak break, contribute to only the diagonal matrix elements, distinguishing among the family members α ∈ {u, d, /nu, e} through the eigenvalues of the operators Q, Q and Y and through the term We discuss these contributions separately for both kinds of scalar fields and for gauge bosons.
According to Eqs.(10,23) the contributions taking into account up to (k) loops corrections read
where ψ (L,R) are the massless states and Ψ (k) (L,R) the massive ones when (k) loops corrections are taken into account
and we skipped the indices Σ and α, assuming that they are present and will be determined when numerical calculations will be performed. 
Accordingly we have up to one loop corrections
where M (o 1) stays for the sum of the one loop contributions of the scalar fields originating inω ab± 
Let m (o) i i = 1, 2, 3, 4 be the diagonal mass eigenvalues from Eqs. (25,B2) (each carrying the quantum number of the family member α and the group index Σ)
from appendix B.
Let M A stays for the masses of all fields
contributing to loop corrections to the tree level masses as presented in Figs. (1, 2, 3 ) and let g A and τ A stay for the corresponding coupling constants (as presented in Table VII ) and the eigenvalues of the operatorsτ A . Then the one loop contributions of both kinds of the scalar fields can be read from Figs. (1, 2) leading to To evaluate the contributions from the gauge fields as presented in Fig. 3 we must evaluate
where τ 
where it is
We evaluate in the next subsections the one loop corrections for all the three kinds of 
We obtain the masses and the diagonalizing matrices, within one loop corrections, from
Eq. (C5). 
Let us repeat that the upper four families are doublets with respect to Ñ R and doublets with respect to τ 2 and that they are singlets with respect to Ñ L and singlets with respect to τ 1 , while the lower four families are doublets with respect to Ñ L and doublets with respect to τ 1 and that they are singlets with respect to Ñ R and singlets with respect to τ 2 . Accordingly the mass matrices 8 × 8 stay to be two by diagonal matrices 4 × 4 also after the loops corrections.
Let us, to treat both groups of families formally all at once, accept the notation.
i. Let the scalar fields ÃÑ (R,L) ∓ be denoted by ÃÑ ∓ , and Ã (2,1)
ii. Let masses of these dynamical scalar fields be different for different components ofÃÑ Table VII) . We shall distinguish between the two groups of families when pointing out the differences and when looking for the numerical evaluations. The masses of the two kinds of the scalar fields differ for many orders of magnitude. ,1) ) determines the couplings to the fields Ã ∓ andgÑ (gÑ (R,L) ) the couplings to the fields ÃÑ ∓ as presented in Table VII . From the diagrams in Figs. (1,2) one loop contributions of the fields Ã ± and ÃÑ ± follow
with k ∈ {1, 2, 3, 4} and where also the eigenvalues of the operators τ A are already taken into account. From here the contributions to theM (o 1)S mass matrix follows when by taking into account Eq. (C11) the transformations
are performed andΣ To obtain the mass matrix up to one loop M (1) (Eqs.(20, C4) ) one needs to find
Let us therefore calculate hereM (1)S (≡M α Σ (1)S ) = V All the matrix elements (M (1)S ) ij carry the indices α, which distinguishes among family members, and Σ, which distinguishes between the two groups of four families. The matrix
The matrixM (1)S carry the indices α (distinguishing among family members) and Σ (distinguishing between the two groups of four families), which are added to the matrix.
a. Contributions from scalar fields ÃÃ ± which couple two families
We explain in details the contribution to loop corrections from the scalar fields ÃÃ ± , representing Ã 2 ± and ÃÑ R ± in the case of the upper four families and Ã 1 ± and ÃÑ L ± for the lower four families. We work in the massless basis. Let these fields act between the families (i, j) accordingly to Eq.(C11). Let these two families are the two states of the fundamental representation of the associated SU (2) flavour symmetry (with the corresponding infinitesimal generators of the group, which are either τ 1 or Ñ L for the lower four families or τ 2 or Ñ R for the upper four families). The fields ÃÃ ± couple to the families (i, j) (that is to the massless states ψ α Σ(L,R)i , we here omit the indices α and Σ) as follows
For particular values of the indices α ∈ (u , d , ν , e) and Σ ∈ (II, I), the pair of the families (i, j) is associated to the subset of tree level mass parameters from Table IX these tree level matrix elements are presented for the case (i = 4, j = 1). Using the scalar couplings of Eq. (C18) and the involved tree level mass parameters we can draw the one loop diagrams of Figs. 1 and 2. From these diagrams the one loop contributions of The one loop corrections of the scalar fields originating in 
where, as already explained,
(o)k ) are the masses, depending on the member of a family α and on the group of four families (Σ), evaluated on the tree level. 
we end up with the matrix M (o1) S , which carry the indices α and Σ (M α Σ(o1) S ). Due to Eq. (C4) we need to calculate to obtain the mass matrices up to the one loop corrections in-
, which distinguish among members of a family (α) and between the two groups of families(Σ), using Eqs. (C4, C20, C21)
We have for Table IV 
Gauge bosons -
where massless basis ψ (L,R) carry indices Σ , α and the family index (i = 1, 2, 3, 4) of each group, and Table IV ). The internal fermion lines in the diagram of Fig. 3 represent the massive basis Ψ Appendix D: Short presentation of technique [1, [7] [8] [9] , taken from [3] In this appendix a short review of the technique [7] [8] [9] , initiated and developed by one of the authors when proposing the spin-charge-family-theory [1, 2] assuming that all the internal degrees of freedom of spinors, with family quantum number included, are describable in the space of d-anticommuting (Grassmann) coordinates [7] [8] [9] , if the dimension of ordinary space is also d and further developed by both authors of the technique.. There are two kinds of operators in the Grassmann space, fulfilling the Clifford algebra which anti commute with one another. The technique was further developed in the present shape together with H.B.
Nielsen [7] [8] [9] by identifying one kind of the Clifford objects with γ s 's and another kind with γ a 's. In this last stage we constructed a spinor basis as products of nilpotents and projections formed as odd and even objects of γ a 's, respectively, and chosen to be eigenstates of a Cartan subalgebra of the Lorentz groups defined by γ a 's andγ a 's. The technique can be used to construct a spinor basis for any dimension d and any signature in an easy and transparent way. Equipped with the graphic presentation of basic states, the technique offers an elegant way to see all the quantum numbers of states with respect to the two Lorentz groups, as well as transformation properties of the states under any Clifford algebra object.
The objects γ a andγ a have properties (4),
for any d, even or odd. I is the unit element in the Clifford algebra.
The Clifford algebra objects S ab andS ab close the algebra of the Lorentz group 
We assume the "Hermiticity" property for γ a 's andγ a 's
in order that γ a andγ a are compatible with (D1) and formally unitary, i.e. γ a † γ a = I and γ a †γa = I.
One finds from Eq.(D3) that (S ab ) † = η aa η bb S ab .
Recognizing from Eq.(D2) that two Clifford algebra objects S ab , S cd with all indices different commute, and equivalently forS ab ,S cd , we select the Cartan subalgebra of the algebra of the two groups, which form equivalent representations with respect to one another 
which means that we get the same objects back multiplied by the constant [17] The vielbeins and the spin connections are both involved in breaks.
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[18] We shall put the operator signÔ on the operator O only when it is needed so that we can distinguish between the operators and their eigenvalues.
[19] The massless ness of the eight families is in this paper, following the paper [3] , is just assumed. In the ref. [12] , and in the references presented there, it is proven for a toy model that after the break there can exist massless families of fermions.
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